The environmental impacts of deposited MSW are mainly associated with the emissions of leachate and biogas. While biogas emissions will become negligible within decades, leachate emissions will stay on an environmental incompatible level for hundreds of years, calculated under simplified assumptions. The generation of leachate from MSW landfills is determined by the waste input, the climatic conditions and the landfill construction and operation. In this paper the impacts of different construction (landfill cover) and operation strategies (recirculation or flushing) on the duration of landfill aftercare (in particular leachate treatment) are evaluated. Therefore a mathematical water flow and solute transport model which has been successfully calibrated at full scale landfills is used. The results indicate that the stabilization process of MSW landfills is mostly determined by the internal flow conditions and that operation strategies have less impact. Only the warranty of "homogeneous" water flow allows sufficient operation of strategies for accelerated stabilization of MSW landfills.
INTRODUCTION
The greatest part of the solid waste generated world wide is deposited in landfills without any pre-treatment. The environmental impacts of those landfills are associated mainly with the emissions of leachate and biogas. While biogas emissions will become negligible within decades, leachate emissions will stay on an environmentally incompatible level for hundreds of years. Belevi & Baccini (1987) , Stegmann & Heyer ( 1995) and Ehrig & Kriimpelbeck (200 I) assessed necessary durations of 200 to 500 years for the aftercare period. In order to accelerate the stabilization processes in MSW landfills and, thus, shorten the aftercare period, different strategies have been introduced in recent years. All these strategies are mainly based on increased water-and/or air-entry into the landfil I.
In the last two decades water and water flow were identified as the main factors determining the metabolism of MSW landfills, as water is on the one hand essential for the biochemical decomposition of the organic substance and on the other hand needed for leaching of soluble compounds. Different investigations (Klink & Ham, 1982;  Bogner & Spokas, 1993; Christensen et al., 1996) showed that enhanced water flow through waste leads to an acceleration of biochemical processes, as water is the only carrier of substances within a landfill and only water flow facilitates the redistribution of chemicals, micro-organisms and nutrients. Based on these cognitions different concepts have been developed to shorten the aftercare period. They span from unhindered precipitation input (permeable cover layers) over leachate recirculation till forced flushing of pollutants ("Flushing-Bioreactor"). It is assumed that the duration of the aftercare period is more or less inverse proportional to the water flow rate through the landfill. Figure la) . The implemented approach assumes that the water flow is becoming more heterogeneous towards the landfill bottom. This phenomenon is based on tracer studies in landfill cells of different height that indicate increasing preferential flow with increasing depth. In Table I a 
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METHODS
As
The implemented water flow concept is based on a 2-dimensionals 2-domain flow field consisting of a matrix area with low hydraulic conductivity and high storage capacity and a preferential flow paths (channel domain) with high hydraulic conductivity and low (or even no) storage capacity (see
B)
Figure I 2-dimensional 2-domain concept (IA) and resulting flow field (1 BJ (Fellner et al., 2003)
The resulting pressure head distribution (shown in Fi gur e I b) confirms that the implemented 2-dimensional 2-domain concept corresponds to the flow pattern in landfills.
The calibration and verification of the adopted model was carried out using data from a trial landfill (Breitenau, Riehl-Herwirsch et al. 1995) in Austria. This landfill has been operated since 1987 containing 95,000 tons of MSW. The landfill surface covers an area of 1.1 ha. The average landfill depth is around 12 m. Using the 2-dimensional 2-domain approach it was possible to simulate both, the base flow as well as the peaks corresponding to precipitation events. Figure 2 shows the calculated and the observed leachate discharge of compartment I of the landfill Breitenau.
Based on the water flow simulations the discharge of soluble compounds (sodium) was modelled assuming that the whole amount of sodium (around 1,400 mg Na/kg DS MSW) is already dissolved in the immobile water phase at the beginning of the simulation. This assumption confines that the transport processes to be modelled were restricted to the diffusion process from the immobile water phase into the mobile water phase and the convective transport within the mobile water phase. Due to the low temporal resolution of the measured sodium concentration in the leachate the whole data set had to be used for calibration purposes. The verification of the solute emission model was carried out using information on the total sodium discharge during the whole deposition period. The result of the sodium flow simulation is shown in Fi gur e 3. There are differences of the modelled 
Figure 2 Leachate discharge of compartment 1 (observed and simulated) B
A
Figure 3 Sodium concentration in the leachate of compartment I (measured and simulated) A: 1988 (beginning of landfilling-June 2002); B: detail (June 2001-June 2002)
Based on the calibrated and validated transport model, the impacts of different operation strategies on the aftercare period were investigated. The trial landfill Breitenau itself served as study object. The following operation strategies were simulated and compared: open landfill: no cover layer net water application rate: 1.0 mm/d -strategy 3A:
flushing bioreactor: forced water injection at the surface water application rate IO mm/d Additionally all three cases were calculated assuming ideal homogenous flow conditions. Therefore the denotation of the strategies is changed from A to B (for instance "strategy IA" -heterogeneous flow with 0.5 mm/d becomes "strategy IB" -homogeneous flow with 0.5 mm/d).
In this study the "virtual" end of the aftercare period is reached, after the leachate concentrations dropped to a value of 1/100 of the initial pollutant concentrations. This postulation is based on investigations of Knox (200 I), who stated that the initial concentration of leachate pollutants exceeds legal limit values for direct discharge about a factor of 40 to 200. Therefore an average dilution of the initial concentrations of around I 00 is required to meet the legal limit values. To refer all the calculations to the same concentration value the virtual limit leachate concentration is set to I /I 00 of the initial concentration of the current status of the landfill (strategy IA).
RESULTS
Actual (heterogeneous) flow conditions
According to the considered operation strategies water flow rates varying from 0.5 mm/d up to IO mm/d were simulated using the calibrated water flow and solute transport model. In Figure 4 
Figure 4 Leachate concentrations for heterogeneous flow conditions (standardised diagram)
3.2.Ideal (homogenous) flow conditions
The same simulations for the salt concentration in the leachate were carried out assuming ideal homogeneous flow conditions in the landfill. Also here the water flow rate was varied from 0.5 mm/d to 10 mm/d. The results were referred to the current statusstrategy lA (see Figure 5 ). Homogeneous flow conditions have two impacts on the time dependent leachate characteristics. Initial concentrations are raised and also the decrease of concentration values per time unit is less compared to the results for heterogeneous flow conditions. Both phenomena cause longer aftercare periods. Compared to strategy I A an increase of nearly 80 % is noted for homogeneous flow till the concentrations drop the limit value. 
Figure 5 Leachate concentrations for homogenous flow conditions (standardised diagram)
In case that the end of the aftercare period is defined only by the actual emission level (actual leachate concentration values), a more heterogeneous flow field seems to be desirable due to the fact that lower concentration values are reached earlier. However, taking not only the actual emission level into account, but also the future (remaining) emission potential, leads to a completely different result. Figure 6 shows the discharged fraction of pollutants for ideal homogenous and current heterogeneous flow conditions. For homogenous water flow nearly all the salt (>99 %) has been discharged at the end of the ''virtual" aftercare period, whereas for heterogeneous flow conditions more than 80 % of the initial pollutant load is still remaining inside the landfill body and represents a high emission potential for the future. Changes of the flow paths could lead to sudden increase in the leachate concentration. That implicates actual low concentration values which are "compatible" with the environment, are no reliable indicators for ending the aftercare period. The remaining emission potential must be taken into account to evaluate the stabilization status of a landfill. 
KALMARECO-TECH'03
Figure 6
Comparison of homogenous and heterogeneous flow condition (standardised diagram)
SUMMARY AND CONCLUSIONS
As water plays an important role in the metabolism of landfills, increased water input into the landfill is believed to shorten the aftercare period. The effect of different water application rates on the aftercare was investigated using the water and solute transport model HYDRUS_2D. Under the assumption of a 2-dimensional 2-domain flow field, it was possible to simulate the leachate flow of a landfill at field scale. Raised water input into the waste body leads to accelerated decrease of salt concentrations in the leachate. Thus, legal limit values for the leachate concentration can be reached earlier. However, achieving low concentration values is no indicator for ending the aftercare period, as due to the heterogeneous water flow conditions within landfills, a high emission potential is still remaining (see Figure 6) . A comparison of current heterogeneous flow conditions with ideal homogeneous flow conditions indicate that the success of accelerated stabiliz.ation strategies depends on the degree of heterogeneity of water flow. Current strategies (e.g. flushing) for shortening the aftercare period are expedient only under the condition of a more or less evenly moisture distribution within landfills.
